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Good afternoon! | am pleased to have been asked to address the Western New Y ork Chapter of the
Hedth Physics Society. Asaways, | ook forward to meeting with Hedlth Physics Society members,
and have the opportunity to share with you the exciting news about the future of radiation safety and
nuclear science initiatives in Congress, at the U.S. Nudear Regulatory Commission, and the
International Commission on Radiation Protection (ICRP). Now, more than ever before, it appears that
we are on anew path of job opportunity and challengesin the radiation protection community. The
fidds of nuclear engineering, hedth physics, and radiation protection will play an integrd part in this
changing arena. Itistruly exciting to be a part of this changing attitude toward nuclear energy and
today | will take this occasion to share with you my thoughts on “A New Future for Radiation
Protection, “ which will discuss NRC' s plans for ensuring it meets its human capitd challenges and
ensuring excdlence in the Federa workforce in the 21 century, as well as some new insgghtsinto how
the regulated field of radiation protection may change in the years to come,

In my presentation today, | will briefly look back at what has trangpired over the past few years,
but will focus primarily on the prospects for the future. | have intentiondly kept my remarks brief so as
to alow time for discussion.



THE CHANGING TIMES

During the past severd years, the NRC has undergone a period of considerable change as part of
our agency-wide efforts to increase the efficiency and efficacy of nuclear safety regulations. At the
same time, increased demand for energy across the country and rolling blackouts in Cdifornia have
prompted Congress and the President to address the serious challenges that an energy crisis can bring.

In doing s0, we find oursdves right in the middle of an opportunity of alifetime -- to help educate and
provide an opportunity for the country to ask questions and learn about the advanced technology of
nuclear energy to help meet society’ s demands and needs. Asyou are aware, the Commisson’s mission
is to ensure the adequate protection of public hedth and safety, the common defense and security, and
the protection of the environment in the gpplication of nuclear technology for civilian use. The
Commission does not have a promotiona role for nuclear energy, but rather the NRC seeks to ensure
the safe gpplication of nuclear technology if society dects to pursue the nuclear energy option.

In my years as a State Regulator and an NRC Commissioner, | have come to know quite well the
chalenges associated with maintaining our human capitd and in addressing the public’ s confidence
and perception of our ability to regulate. Critica to our successis having technically competent staff
avallable to effectively address new issues and chdlengesin the nuclear safety and materids arenas.

It may surprise some of you to know that as of this year, the supply of undergraduate-trained
nuclear scientists and engineersis a a 35-year low. As highlighted by two recent hills introduced in
Congress, S. 242 and H.R. 2126, cdled the “ Department of Energy University Nuclear Science and
Engineering Act,” the number of undergraduate programs across our nation to train future scientists has
declined to approximately 25, which isa 50 percent reduction snce the 1970s.  In addition, two-thirds
of the nuclear engineering and radiation science faculty are over age 45 with little ability to attract and
draw new and young taent to replace them in academia. With these satistics, the NRC has become
increasingly mindful that the agency faces asgnificant chalenge in maintaining the NRC g&ff's core
scientific, engineering and technica competencies. Based on the demographics of the current
workforce, | grow greetly concerned that over the course of the next decade, the net technica capability
of the NRC will decline as aresult of the loss of specific expertise through attrition.

Our ahility to attract new talent does not equa the outflow of experienced workers. When we
are able to attract talented young men and women, it isimportant. That we ensure ample opportunity
for upward mobility and variety in career paths. We must endeavor to prevent in segments of the
workforce moving outside the nuclear area. Maintaining and cultivating core competenciesin nuclear-
related areasis akey concern for both the industry and the NRC.

OUR MATURING WORKFORCE

With atight labor market for nuclear engineers and a workforce with alarge percent of
personnel eligibleto retire, the NRC, and | suspect, some of the facilities you work for, are faced with
some significant workforce chalenges. | believe that these chalenges are not unique, and in fact, are
shared by most if not dl of us.

Current projections are that 76 percent of the nation’s professond nuclear workforce can retire
within 5 years. At the NRC, there are Six times as many staff over the age of 60 as staff under 30; a
ratio of 6:1. For comparison purposes, the sameratio at NASA isonly 2:1. Moreover, 17 percent of
NRC's engineers are dready digible for retirement and another 4 percent of the current workforce of
engineers will become dligible for retirement each year for the next few years. At NRC's Office of



Nuclear Regulatory Research, onein four employeesis digible for retirement today; in the Office of
Nuclear Reector Regulation, whose office is respongble for the licensng and inspection of commercid
nuclear power plantsin this country, onein five employeesis currently eigible for retirement.

Despite our efforts to hire new engineers and radiation science professonds, we have
experienced anet loss of daff over the past five years. That loss is equivaent to roughly 8 percent of
our engineering workforce. The bottom lineisthat we are losing expertise and, dong with it, vauable
indtitutional knowledge.

The combination of these long-term trends raises ared flag: how will NRC be able to maintain
its core technical competence into the future? We need to plan for turnover and retirements, as any
employer would, but we aso need to judge carefully what expertise we must have among our
employees. This has become so serious an issue that now Congress has aso been asking us smilar
questions, and in aMay 3, 2001, hearing on “The Future of the Nuclear Power Industry and How it Fits
into aNational Energy Strategy,” our statement to the Senate Subcommittee on Energy and Water
Deve opment Committee said that NRC is sysematically identifying future staffing needs and
developing strategies which will address how to fill these gaps. Simply stated, we need to be able to
respond to new technology, ded with emerging issues, and effectively participate in the internationa
community. Our credibility as an effective competent regulator hinges on maintaining a strong
technical base of expertise. So now, let’slook ahead into the future....

RECENT NUCLEAR LABOR MARKET STUDIES

Annudly, NRC and DOE contract with the Oak Ridge Ingtitute for Science and Education to
prepare labor market trends for nuclear engineers and hedth physicigts.
Firg, for hedlth physicists, by 1999, the profession experienced a decrease of over one-third in just two
years on the number of enrollments and degrees earned. During the middle 1990s, the estimated
number of job openings for new graduates decreased dragticdly to less than 100 annualy. At thistime,
the available supply of new graduates seeking hedth physics positions was about 175. Both the Hedlth
Physics Society and 15 of the contractor-operated DOE facilities confirmed that job opportunitiesin this
fidld had decreased dramaticaly, and that health physics-related positions were few and far between.
The good news as we look ahead, is the number of job openings during the 2000-2005 time frame
should increase in this field to about 100 to 135 per year. Thus, after severa years of somewhat excess
supply of new graduates, the demand for and supply of new graduates in hedlth physics now gppearsto
be fairly balanced.

Second, for nuclear engineers, the current [abor market continues to improve substantialy snce
the mid-1990s. Employers seeking to hire nuclear engineering graduates currently face alabor market
where competition from other employersis quite srong. Starting sdaries for nuclear engineersin the
nuclear energy/nuclear wespons fields increased 6.0% for Bachelor's of Science level graduates, and
5.5% for both Master’s of Science and Ph.D. degrees between 1999 and 2000. According to this report,
thiswas the third consecutive year that annua sdary increases for new nuclear engineering graduates
were larger than any of the annua increases experienced between 1991 and 1997. That is certainly
good news indeed!

The not-so-good news for employers, however, is that there continues to be a continua decrease
in the supply of new nuclear engineering degrees (undergraduate and graduate) for afifth consecutive
year. In 1999, tota enrollment in undergraduate and graduate nuclear engineering programs across the



country had dightly more than 1250 students, with only 427 degrees earned and dmost 50 percent of
these degrees being Bachelor's degrees. Over the past five years, there has been aimost a 50% decrease
in the number of nuclear engineering degrees earned. The supply continues to decrease, and the

country’ s university reactors and research programs are continuing to close, just as we begin to see light
at the end of the tunndl.

There is good news, however. The decline in the employment of people employed in the nuclear
energy fields during the 1990s appears to have stopped and there are improved career opportunities and
emerging positions within our occupations which include work in radiation and radiologica hedth,
plasma studies, medical gpplication, materids, and the food industries. For many employers, such as
the NRC, other opportunities arise outsde the traditional nuclear fidds, and new nuclear engineering
graduates are accepting posgitions in such as activities in dectronics, mechanics, computing, and
metalurgy.

If we are to adapt our workforce to this changing environment, then we as nuclear regulators and
employers must reassess and make available new ideas to seek, find, employ, and continue to train
technicaly competent employees. Legidative proposas, such as those introduced by the Senate and the
House of Representatives, if gpproved, will help to reverse a serious decline in our nation’s capability to
produce nuclear scientists and engineers. NRC, in its planning, budgeting and performance
management process, is actively addressing and planning for ways to ensure that adequete attention is
devoted to addressing and resolving our core competency iSSues.

In addition to these strategies to recruit and retain saff with critica skills, we will continue to
provide training opportunities, flexible work schedules, up-to-date technology tools, on-site day-care,
and hedlth and fitness programs. Through the use of these Strategies and an expanded recruitment
program, we believe that NRC is striving to meet it needs and is positioned wdll to address the human
capital challenges of today and the future.

THE FUTURE OF RADIATION PROTECTION

Now that we have made plans for securing the future of our nuclear workforce, let me change
gears for amoment, and share with you the second half of my topic today which concerns the future of
radiation protection and a proposed new outlook as outlined by the ICRP.

Asyou dl are aware, technology evolves with the advancement of science, and science advances
through research and study. Advances in the effects of ionizing radiation on human hedth can be
described as perhaps one of the most studied and better understood hedlth effects relationships from a
scientific point of view. Nevertheless, there is still much more to be learned and there continues to be
disputes about what we know in the scientific community. It has dso proven to be very chdlenging to
trandate our knowledge into a regulatory framework to protect public and worker hedlth and the
environment. Regulatory agencies are faced with a chalenge of how to trandate our current knowledge
of radiation hedlth effects into aregulatory framework, that is protective of not only workers, but the
public hedth, safety, and the environment.

Many factors influence decisonsin the business of setting regulatory standards for radiation
protection. Historically, NRC's regulatory approach for radiation protection has consdered new
scientific information on radiation health effects as but one important input into this complex business.

The NRC is dependent upon the process by which independent bodies of experts evaluate technical data



on radiation hedth effects and then other bodies of experts, drawing upon published, peer-reviewed
Sudies, develop internationa recommendations for systems of radiation protection.

The United Nations Scientific Committee on the Effects of Atomic Radiation (UNSCEAR), the
Radiation Effects Research Foundation (RERF), and the U.S. Nationad Research Council’ s committees
on the Biological Effects of lonizing Radiation (BEIR), have al provided a series of reportsto advise
governments around the world on the health consequences of radiation exposures. In turn, the ICRP,
internationally, and the Nationd Council on Radiation Protection and Measurements (NCRP), in the
U.S,, then review thisvast quantity of technica data, take account of any new biological informetion,
and develop recommendations consstent with the new information. Federd agencies, such asthe NRC,
then review these recommendations, and if we agree that revisons to the current radiation protection
framework are needed, then the changes are proposed through an open and inclusive process that
provides for full and complete stakeholder inpt.

|ICRP UPDATES AND CHANGES

In 1990, the ICRP made mgjor revisionsto its basic radiation protection recommendations.
Because of timing and other congderations, NRC adopted only afew of the ICRP 60 recommendations
into 10 CFR Part 20. Asan example, NRC adopted the |CRP recommendation to lower the annual dose
limit for members of the public to 1 mSv (100 mrem) down from 5 mSv (500 mrem). However, with
respect to the occupational exposures, NRC bdlieved that a reduction to the ICRP-60 recommendation
of 200 mSv (10 rem) in 5 years [with a50 mSv (5 rem) maximum in any one year] was not necessary
because in 1987 over 98.7% of individuas requiring radiation monitoring received doses less than 20
mSv (2 rem) per year (in 1999, this number had increased to 99.6%). In addition to these Satigtics, the
NRC had aso included the concept of maintaining radiation exposures As Low As Reasonably
Achievable (ALARA) into itsrevised Part 20.

The ICRP system of radiologica protection that has evolved over the years now covers many
diversetopics. Subsequent to issuance of Part 20in 1991, ICRP has issued publications 66 and 68-72
which contain updated modds to reflect new biokinetic information and related parameters for
cdculation of exposure from radioactive materids. In genera, emerging issues presented to the ICRP
have been dedt with on an individuad basis that resultsin an overal system, while very comprehensive,
isaso very complex. With such acomplex system, it is not surprising that some perceived
inconsigtencies in the recommendations themsalves may lead to concerns that radiation protection
issues are not being adequately addressed. Different stakeholdersin decisionsinvolving radiation
protection tend to focus on different eements of this incoherence.

In July 2001, | joined the Main Commission of the ICRP and in September attended my first
meeting to discuss these and other additiona changes. One area of particular interest to the NRC isthe
vaue sdected for Doses for Protective Action, or Protective Action Levelsto amember of the public.
Current NRC regulations state an annud limit of 1 mSv (100 mrem) to any member of the public,
which, as| mentioned before, was derived from ICRP 60. Internationaly, there may be an interest to
drop the public limit to afew tens of mSv, or about one-tenth of the limit from natural background.
This equates to a source-rdated congtraint of about 0.3 mSv (30 mrem) per year as the point of
specifying whether or not a source (licensee) is appropriately controlling their materid. Thiswould bea
factor of three reduction from an individud facility, if the ICRP were to adopt this recommendation. Of
greatest concern, isthe fact that the 1 to 0.3 mSv (100 to 30 mrem) reduction would have significant
palitical ramifications not only for the regulated community, but especidly for the public’s perception
of the reasons behind why this proposed change is being introduced, especidly since any proposed



decrease in regulaory limitswould likely have no change in the actud doses received from licensed
fadilities by the public.

Another mgjor shift consdered by ICRP is going from a utilitarian ethica policy (“How much
doesit cost and how many lives are to be saved?’ or “The greatest good for the grestest number”), to an
egditarian policy in which the doctrine of recognition of individud rights (dose congraints) and equd
trestment of individuas should be the guiding principle. Classicd codt-benefit anayss when
discussing collective dose is unable to consder the individua, and the ICRP attempted to correct this by
the concept of the condraint. The congraint is an individua-related criterion, applied to asingle source
in order to ensure that the most exposed individuas are not subjected to excessve risk and to limit the
inequity introduced by cost-benefit anayss.

In addition to the changes that the ICRP has under consideration, there are two other mgjor
efforts underway, both in the U.S. and internationdly, to update dosmetric methods and reassess the
hedth risk form low-levels of ionizing radiation. Firt, there are reviews underway by both the RERF
and the U.S. Department of Energy (DOE) to revise the DS86 dosmetry system that was used in the
hedlth assessments of the A-Bomb survivors. More specificdly, preiminary investigation indicates that
there are discrepancies between the DS86 cd culation of neutron flux at certain distances from the bomb
hypocenter and the measured values from materias activated by therma neutrons. Secondly, in 1998,
the National Research Council was awarded a 3-year grant by several Federa Agenciesto conduct are-
assessment of the hedlth risks associated with exposures to low-leves of ionizing radiation (BEIR VII).
This reassessment will include areview of the data that might affect the shape of the dose-response
curve a low doses, and in particular, will investigate if athreshold in the dose-response relationship
exigsto provide a better understanding of the influence of adaptive response and radiation hormesis on
radiation dose response.

CONCLUSION

Asyou can see, the NRC, nuclear industry, and you as hedlth physics, nuclear engineers and
scientigts, are at an exciting timein history. Not only is the labor market beginning to place a demand
that is outpacing supply - - particularly for radiation sciences and nuclear engineering expertise, but
there gppears to be opportunities for great change in the more clearly defining the underlying theory of
our basic radiation protection philosophy in the next few years.

Because of dl these ongoing efforts, and the fact that any proposed change to the current
regulations would provide little to no added benefit to the generd public, it ismy view that the NRC
should not forge ahead with a strategy to begin a proposed rulemaking process now to revise Part 20,
but wait until the recommendetions of these internationa bodies convergein the next three to five
years. Knowledge and uncertainty about radiation hedth effects are not exclusively the domain of any
individua country. Radiation hedth effectsis an internationa science. Once these find
recommendations from these scientific bodies have been made available for review, and if, the NRC
decides to revise its regulations, we can then consider al the new and updated information provided, not
only from the ICRP, but from the RERF and BEIR VI sudies aswell. With the plethora of new
scientific information avallable to dl of usin the near term, | believeit is advisable to obtain dl the
facts and information that we can before a decison is made to proceed with any proposed rulemaking
for 10 CFR Part 20.

Asaways, NRC will continue to remain open to new concepts and be prepared to make
whatever modifications to our regulations are deemed necessary in order to plan for the future of



radiation protection in the 21* century. Continuing coordination and internationa support for a path
forward in radiation protection will, in my opinion, go along way towards resolving some of the current
controversiesin the U.S. about radiation protection standards with the desirable end result of increasing
public confidence in our regulatory programs.

Again, | want to thank you for this opportunity to be an invited spesker a your meseting today. |
would be pleased to answer any questions that you may have a thistime.



